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Mangrove floras of the southern continents. Part 1. 
The geographical origin of Indo-Pacific mangrove 
genera and the development and present status of 
the Australian mangroves 
R.H. Mepham 
Botany Department, University of Natal, Pietermaritzburg 
The often-expressed opinion that most Important mangrove 
genera originated in South East Asia is questioned and 
rejected. A broader Tethyan origin is proposed for the 
mangroves. The age and specific diversity of the Australian 
mangrove flora is discussed in relation to the wider problem of 
the development and dispersal of the whole Indo-Pacific 
mangrove flora. This is believed to have begun during late 
Cretaceous times and to have been profoundly influenced by 
the separation of lhe various parts of Gondwanaland. The 
floristically rich contemporary mangrove forests of Malesia are 
considered to be relict, and to provide refuges for several 
sensitive species that were once far more widespread. The 
view that mangroves first entered Australia from the north and 
thereafter dispersed around the continent from a centre in 
north-eastern Queensland is also rejected. 
S. Afr. J. Bot. 1983, 2: 1 - 8 
Die mening wat dikwels ultgespreek word, dat die belangrikste 
mangliet-genera hulle oorsprong in Suidoos-Asi~ gehad het, 
word bevraagteken en verwerp. 'n Rulmer Tethiaanse oorsprong 
word vir die mangliete voorgestel. Die ouderdom en spesifieke 
diversiteit van die Australiese mangliet-flora word bespreek met 
betrekking tot die wyer probleem van die ontwikkeling en 
verspreiding van die hele lndo-Pasifiese mangliet-flora. Hierdie 
verspreiding het waarskynlik begin gedurende die laat 
Kryttydperk en is grootllks be'invloed deur die skeiding van die 
onderskeie komponente van Gondwanaland. Die floristies ryk 
manglietwoude van Maleisie word beskou as oorblyfsels en 
verskaf beskerming aan verskeie sensitiewe spesies wat vroellr 
meer wydverspreld was. Die opinie dat mangliete Australie van 
die noorde binnegedring het en daarna om die kontinent vanaf 
'n punt in Noordoos-Oueensland versprei het, word ook 
verwerp. 
5.-Afr. Tydskr. P/Bntk. 1983, 2: 1-8 
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Introduction 
Mangroves are shrubs or trees which grow in the imer-tidal 
zones of sheltered sea-shores in the warmer pans of the 
world. They reach their greatest development in the tropics 
where they may form tall forests many kilometres wide be-
tween the land and the sea. Throughout the world mangrove 
forests tend to be dominated by species of A vicennia 
(Avicenniaceae) and Rhizophora (Rhizophoraceae), but 
other less widespread genera are regionally important and 
occur in association with these. For example, in the Indo-
Pacific, species of Aegialitis (Aegialitidaceae), Lumnitzera 
(Combretaceae), Aegiceras (Myrsinaceae), Xy/ocarpus 
(Meliaceae), Nypa (Palmae), Bruguiera, Ceriops, Kandelia 
(Rhizophoraceae) and Sonneratia (Sonneratiaceae) are, 
among others, also common in mangrove forests. 
Because of the current numerical preponderance of 
mangrove genera and species in South East Asia, and 
because equable climatic conditions appear to have prevailed 
on the coasts there since the end of the Cretaceous, many 
authors have subscribed to the views that this was both the 
place where angiosperms first acquired the mangrove habit, 
and where most contemporary mangrove genera originated. 
These ideas, which have been extant for almost a century, 
continue to receive support, for example, from Van Steen is 
(1962) and Chapman (1975, 1976). However, without good 
evidence it seems unwise to accept these claims uncritically, 
since although it is becoming almost axiomatic to accept that 
any taxon evolved in the area where it is currently most 
diverse and best represented, there is no a priori justification 
for doing so. 
All recent accounts dealing with the ongm of the 
Australian mangrove flora suggest that mangroves first 
colonized north Australian coasts, after their propaguJes had 
crossed the narrow Timor and Arafura Seas, once Australia 
had drifted sufficiently close to South East Asia following 
the breakup of Gondwanaland. This is implicit in Chapman 
(1975), while Saenger eta/. (1977), citing Walker (1972), 
appear to favour the more restricted view that the Torres 
Strait (between Cape York and New Guinea) provided the 
principal route for the initial entry of mangroves into 
Australia. Saenger eta/. (1977) also interpret the present con-
centration of mangrove species in north-eastern Queensland 
as indicative of the fact that it was from this region that 
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the mangrove flora became dispersed around Australian 
coasts. 
In this paper I attempt to re-evaluate evidence and opi-
nion concerning these matters, and propose alternative 
hypotheses which seem to be more compatible with our pre-
sent state of knowledge. 
Early views of the origin and dispersal of mangroves 
The ftrst attempts to explain present world-wide mangrove 
distributions, by radiative dispersal from a single 
hypothetical South Asian source, were hardly satisfactory. 
They all relied, at least in part, upon long-distance water-
borne dissemination of propagules, yet as long ago as 1906, 
Guppy questioned the validity of this. Based on his obser-
vations in the Pacific, and later in the Caribbean, he sug-
gested that the propagules of many species were not suited 
for long trans-ocean voyages, and thought that they were 
probably only effective in promoting long-shore and inter-
island dispersal. In 1917 Guppy also hazarded the possibility 
that some species which appeared to have crossed oceans, 
had done so when the oceans concerned were less wide than 
they are today. Subsequently, numerous attempts have been 
made to assess the ability of the propagules of different 
mangrove species to float for the prolonged periods which 
would be required for their inter-continental transmission 
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only a few species have ever been shown to retain buoyan-
cy for a sufficient length of time; the majority sink far too 
quickly. However, a crucial point is that mangroves are not 
observed to cross wide oceans today. Mangrove species from 
the west coast of the Americas are not, for example, found 
migrating to the West Pacific in the broad and favourable 
ocean currents available. 
Ridley {1930) clearly considered the origin of the man-
groves to be complex, and was aware that different genera 
comprising the South East Asian mangrove flora may have 
evolved at different times in different places, and raised the 
possibility that Nypa, for example, migrated to, rather than 
from South East Asia. 
The continental drift of Australia and its early fossil 
flora 
The concensus of opinion is that Australia remained attach-
ed to Antarctica for a period after the early separation of 
the southern continents, maintaining a station at moderately 
high latitudes, as indicated in Figure I. Opinions differ as 
to when the two continents moved apart. Chapman {1975) 
favours a date as recent as 35 million years ago, in the early 
Oligocene. He states that the northern coasts of Australia 
would have been too cold to support mangroves at that time, 
and that in any case, they were too far removed from South 
East Asia for colonization to occur. Clearly he rejects the 
figure I Map depicting the approximate relative positions of the eastern fragments of Gondwanaland toward the end of the Cretaceous. 75 million 
years ago. Drawn with modification after McKenzie and Sclater (1971) ..... = Continental shelf and areas within which land may have emerged 
from the sea during the Tertiary. • = Site of ' tropical' mangroves in the Eocene of south·western Australia. 
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concept of long-distance dispersal and beLieves that the 
mangrove nora entered Australia only after that continent 
had drifted close to South East Asia. However, the fossil 
record shows that mangroves were in fact already established 
on what are now south-western Australian shores during the 
middle-late Eocene (Churchill 1973). Thus if the Oligocene 
date for the beginning of the northward drift of Australia 
is correct, mangroves must have entered the continent before 
its separation from Antarctica, and were, moreover, pre-
sent on a part of the coast that was junctional with Antarc-
tica (Figure 1). 
Other authors, e.g. Jones ( 1971 ), Raven & Axelrod ( 1972) 
and McGowran (1973), place the date of separation of the 
two continents some 10 million years earlier, i.e. in the mid-
dle Eocene, but this does not materially affect the situation, 
since this is approximately the age of the mangroves; they 
were present at a time when the two continents were at least 
very close to each other. 
Since a mangrove nora reached Australia while that con-
tinent was still situated at high latitudes we may assume that 
it did so along contiguous or nearly contiguous coasts, or 
by island hopping, when the Gondwanaland fragments were 
still comparatively close tO each other. Alternatively we must 
accept long-distance dispersal, but not necessarily from a 
South East Asian source. 
The first proposition is the more auractive. While the 
timing and sequence of events leading to the breakup of 
eastern Gondwanaland is not finally estabLished, it is not 
in dispute that Antarctica-Australia began to separate from 
Africa at least 90 million years ago. India, or possibly 
Greater India (see Norton & Molnar 1977, for a re-appraisal 
of the need to assume a Greater India), had also separated 
from both these land ma~scs by this time, but its rapid north-
ward translation did not commence unti l much later. Both 
of these major continental separations were therefore in-
itiated prior to the evolution of most contemporary angio-
sperm genera. However, an clement of connection be-
tween these land masses would have persisted for an 
undetermined time after separation, as discussed by Raven 
& Axelrod (1972), and the transmission of some angiosperm 
genera certainly occurred between them. Furthermore, con-
nections between the marine dispersed mangrove floras of 
separating continental blocks would probably persist for 
longer than connections between their general land floras. 
There can be little doubt that temporary land surfaces 
arose in the young and narrow Indian Ocean during late 
Cretaceous and Palaeocene times (Sclater & Fisher 1974, 
Kemp & Harris 1975). Such land surfaces could well have 
facilitated the passage of a mangrove nora to Australia from 
the west (Figure I), especially if they were more persistent 
and extensive than was at first thought, as hinted by Raven 
& Axelrod (1978). 
The second alternative, long-distance dispersal, is unat-
tractive because, as previously mentioned, mangrove pro-
pagules seem unable to cross wide seas today, even where 
favourable currents prevail, and there is no reason to sup-
pose that their propensities have changed in this respect. 
lf we assume that genera which are now associated with 
' tropical' climates were similarly associated in Tertiary times, 
then it would appear that at least south-western Australia 
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(and conceivably also the adjacent part of Antarctica), was 
warm and humid during the Eocene. Both the fossil man-
grove flora, which included A vicennia, Nypa, Sonneratia 
and members of the Rhizophoraceae (Churchill 1973), and 
the contemporaneous terrestrial nora (Hos 1975), give every 
evidence of a warm humid climate. This is in accord with 
Shackleton & Kennett 's (1975) determination of warm 
(20 oq Southern Ocean surface temperatures at that time, 
and with evidence suggesting that northern Australia was 
close to a latiiUde of 28 os at the inception of its northward 
drift (see e.g. Jones 1971; Raven & Axelrod 1972). Thus 
climate would not have been a barrier to the spread of 
mangroves across the southerly part of the young fndian 
Ocean during Palaeocene - early Eocene times. However, 
from the middle Eocene on, Southern Ocean temperatures 
began a progressive decline (Shackleton & Kennett J 975). 
There is st ill an clement of uncertainty as to the precise 
position of the southern continents with respect to each other 
when they were united in Gondwanaland, but reference to 
Figure 2, indicates that northern Australia (New Guinea did 
not yet exist) may have been close to Asia in the middle 
Cretaceous, some 100 million years ago. It is most unlikely 
that mangroves entered the nonh of Australia from Asia 
at this very early time, because as far as we know, no living 
mangrove genus has a sufficiently long fossil record. 
However, it is conceivable that the first mangrove genera 
both evolved and dispersed around the shores of the Tethys 
Sea, spreading west to Europe and the Americas, as well 
as south and east, along the coasts of Asia, East Africa, 
Malagasy and Greater India, during the next 30-40 million 
years while the Indian Ocean was widening. Suppon for this 
hypothesis comes from the fact that mangroves were 
widespread a long Tethyan distribution routes by the early-
middle Tertiary (see e.g. Tralau 1964; Dolianiti J 955; Reid 
& Chandler 1933; Germeraad, Hopping & Muller 1968; 
Krausel1939; Muller 1964; Churchill1973, who respectively 
report the presence of mangrove genera in North and South 
America, Europe, West Africa, the Sahara, South East Asia 
and Australia, during this period). This suggestion requires 
that angiosperms began to develop the mangrove habit du-
ring late Cretaceous-Palaeocene times, for which belief there 
is growing justification in the fossil record. Flenley (1979), 
for example, records the fossil pollen of six mangrove-
associated genera (Aiyxia, Barringtonia, Brownlowia, 
Casuarina, Leptospermum, and Pelliciera) as being of 
Palaeocene or greater age, while Nypa is acknowledged to 
be one of the oldest angiosperms, and the Rhizophoraceae, 
assessed by Sporne's ( 1969) 'index of advancement' appears 
as one of the four least advanced angiosperm families 
(together with the Austrobaileyaceae, Magnoliaceae and 
Winteraceae). 
All the modern genera must have evolved from ancestral 
types that were different, but at present we know virtually 
nothing of mangrove ancestry, except perhaps that of Son-
neratia. Accordjng to Germeraad eta/. (1968) this genus may 
be related to the fossil genus Florschuetzia, and it is therefore 
of interest that Florschuetzia has also been reported from 
Eocene deposits in southern Australia (Hos 1975). As far 
as the fossil record of the extant genera is concerned A vicen-
nia is known from the Eocene of Australia (Churchill 1973) 
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Figure 2 Map depicting the relative positions of the major land masses during the middle Cretaceous, approximately I 00 million years ago. Drawn 
with modification , after Smi th et ttl. (198 1). ---- = Continenta l Shelf. .. . . = Hypothetical coastline of pan of the Tethys Sea. 
and the lower Miocene of Eniwetok (Leopold 1969), but it 
does not appear in Borneo until the middle Miocene (Muller 
I 964). Rhizophora is present in the Eocene of Britain 
(Chandler I 951 ) , but does not appear in Borneo until the 
Oligocene (Muller 1964), while Sonneratia is known from 
the Eocene of both Australia (Churchill 1973) and India 
(Mahabale & Deshpande 1959; Prakash 1960), but does not 
appear in Borneo until the Miocene (Muller 1964). 
Thus in view of their early distribution pattern, and the 
fact that the oldest South-East Asian mangrove fossils are 
often less old than equivalent ones from distant sites, it may 
be wise1o keep an open mind at present, and to regard any 
shore of the tropical Tethys system as depicted in Figure 
2 , as a possible birthplace for mangrove genera. A considera-
tion of the events which may have led to the development 
of a separate American- West African mangrove flora is 
beyond the scope of this article, but is given elsewhere 
(Mepham 1983). For the present only the vast eastern basin 
of the Tethys Sea (Figure 2) is considered, from where 
Australia undoubtedly received its ancestral mangroves. 
Whether these took the southerly Antarctic route, or crossed 
a narrow Indian Ocean by passing from continental 
fragments such as Greater lndia and Malagasy to the 
volcanic islands which appeared along the complex of mid-
ocean ridges, it seems that this must have been their general 
route. 
However, should the northward drift of Australia have 
commenced even earlier, 53 million years ago, as proposed 
by Sclater & Fisher (1974) and Veevers & McElhinny (1976), 
it then becomes theoretically possible for the continent to 
have moved far enough north to have intercepted mangrove 
propagules from South East Asia in time to account for the 
fossil flora in the south-west. If, as previously mentioned, 
the northern shores were situated in the vicinity or 28 os 
at the inception of their northward drift, it would have been 
possible for them to have reached a latitude of 15 os in the 
10 million years available, assuming a drift rate of 15 em 
a year. Although fast, this is within the range of speeds cur-
rently accepted. Nevertheless, the northern edge of the 
Australian plate, which now constitutes New Guinea, was 
submerged during the early part or its northward migration 
(Jones 197 I) and did not begin to emerge from the sea until 
late Oligocene-Miocene times (Dow 1968; Hermes 1968). 
Thus we must in any case reject the idea that New Guinea 
provided a bridge for the initial entry of the mangrove flora 
during the Eocene. Had Australia drifted this far north in 
the space of 10 million years, the shortest seaway separating 
its northern shores (Arnhem Land) from the nearest South 
East Asian lands would then still have been approximately 
900 km (560 miles) wide, assuming that the disposition of 
land surfaces in the Flores Sea was then the same as it is now. 
Despite this, even if the rifting which initiated the separa-
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tion of Australia began 53 million years ago (Weisse! & 
Hayes 1972), there is reason to believe that a seaway did 
not become patent between the two continents for at least 
a few million years more, with the continental margins not 
becoming finally separate until the middle Eocene, about 
49 million years ago (McGowran 1973). Moreover, there are 
cogent reasons for believing that Australia did not in fact 
reach low latitudes until the Miocene, and this now seems 
to be widely accepted (see e.g. Veevers & McElhinny 1976; 
Beard 1977). On present evidence therefore, we must still 
prefer the early trans-Indian Ocean immigration route for 
the arrival of the mangrove flora. 
Australian climates in the Tertiary and their probable 
influence upon the mangrove flora 
During the early Tertiary much of central Australia was in-
undated by a sha llow sea. Major marine transgressions oc-
curred in the Eocene and the coastline was then much longer 
than it is now. The land mass extended farther to the north-
east as the Queensland Plateau, now deeply submerged, was 
then above sea, and the climate was humid and probably 
'sub-tropical' throughout. Rainforest vegetation covered 
much of the country (Raven & Axelrod 1972; Hos 1975; 
Beard 1977). Conditions would therefore have favoured a 
more extensive distribution of mangroves than is presently 
seen, with an abundance of coastal alluvium produced by 
the wet climate. That this was indeed so is suggested by 
Churchill's (1973) discovery of A vicennia, together with 
typically 'tropical' genera, including Nypa, Sonneratia, and 
representatives of the Rhizophoraceae, in middle to late 
Eocene deposits from near Perth in Western Australia. This 
area is now devoid of these genera, except for one isolated 
stand of Avicennia at Sunbury (33°191S ll5 °381E). 
When the nonhern edge of the Australian plate began to 
be upli fled during the late Oligocene- early Miocene, land 
was extended some 10° of latitude farther north into the 
tropics in consequence. The first exchange of mangrove flora 
between Australia and Asia would probably not have been 
possible until this time. 
The sea retreated from the centre of the continent in a 
series of recessions and advances through the late Eocene-
Miocene period. During these epochs a trend towards aridity 
gradually became established, and sea temperatures fell, par-
ticularly around the south of the continent. The onset of 
aridity and its consequences have been discussed by several 
authors, notably Beard (1977). The 'tropical' elements of 
the terrestrial, mangrove and marine floras, all withdrew 
from the south and west, no doubt finding refuges in the 
north-east and colonizing the newly emergent lands. 
The development of aridity can be correlated with a pro-
gressive drop in the sea surface temperature of the tropical 
Pacific Ocean since the Eocene-Oligocene boundary (Savin 
1977; Keigwin 1980). As this phenomenon is believed to have 
been caused by Antarct ic cooling, it is likely that it also oc-
curred in the tropical Indian Ocean, and because a reduc-
tion in sea surface temperature of 5 oc can reduce evapora-
tion by as much as 30o/o (Frakes 1979), onshore winds would 
have brought less moisture to the continent than previous-
ly. However, the increase in aridity was not relentless and 
there were temporary returns to pluvial conditions in the 
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Pliocene and Pleistocene. 
No major marine transgressions occurred after the 
Miocene, but there were several phases of coastal sub-
mergence and emergence during the Pliocene and Pleisto-
cene. These doubtless had an effect upon the distribution 
of mangrove forests, causing them to move inland along 
the shores of the newly created bays and estuaries during 
periods of immersion, and to move back down the shores 
again when the sea level fell. Mangrove forests probably 
covered a greater area at times during both the Pliocene and 
Pleistocene than they do now. Not only were shorelines more 
extensive, but as the sea receded, large areas of alluvium 
were exposed in the inter-tidal zones, especially in the north, 
for example on the southern shores of Joseph Bonaparte 
Gulf and the Gulf of Carpentaria. T he presence of mangrove 
material in peats below the present bare surface of these 
mudflats (Mepham, unpublished data) supports the view 
that mangrove forests may indeed have been more exten-
sive in the past, possibly when the flats were exposed 
during pluvial phases. 
The contemporary mangrove forests of Australia 
Under the present arid regime, mangrove forests are 
restricted in extent. Even on the Gulf of Carpentaria, where 
tidal nats extend landwards for up to 30 km (19 miles) along 
the southern shores, mangrove forests tend to occupy a belt 
less than 500 m wide toward the seaward edge. The saline 
mud behind is virtually devoid of arboreal vegetation, ex-
cept where mangroves follow watercourses in riparian strips, 
or grow on alluvial banks in the streams. 
Today the most luxuriant and specifically diverse 
mangrove forests in Australia occur on estuaries of the 
Pacific Coast, between Cape York {I 0°421S) and the vicinity 
of Ingham {18°391S), Figure 3. Here, in the only re-
maining pans of the Australian tropics which do not suffer 
a harsh dry season, fresh soil water and alluvium are local-
ly abundant, providing habitats still, for even the most 
demanding species. Closed forests up to 30 m high may oc-
... ~ ... ····· .. 
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Figure 3 Map showing the restricted distribution of the richest mangrove 
forests in Australia. ••* = Coastline with numerous small perennial 
streams carrying the best developed and specifically diverse mangrove 
forests. 
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cupy the full inter-tidal zone, and may grade in places into 
valley rain forest. Moving away from this area, down the 
east coast, or along the northern coasts, the specific diver-
sity of the mangrove flora is rapidly and progressively at-
tenuated, until from some 45 species in the Pacific north-
east (Bunt eta/. 1982) only one, Avicennia marina, remains 
on the southern, south-western and central west coasts. 
Together with the change in floristic content, there tends 
to be a concomitant change in forest physiognomy, with the 
canopy becoming lower and more open, and with bare saline 
areas appearing in the forests and between them and the 
t rue lowland vegetation. In the monospecific mangrove 
swamps of Victoria, A vicennia marina reaches the highest 
latitude of any mangrove in the world today (38°451S), and 
is locally reduced to the statme of a shrub. Both these 
lfloristic and structural changes appear to develop in parallel 
with increasing climatic harshness. 
Discussion 
The age and specific diversity of fossil mangroves in 
Australia suggest that the coasts of that continent were in-
itially colonized by a rich pan-Tethyan mangrove flora. In 
view of the apparent discrepancy between the fossil record 
and the present composition and disposition of mangrove 
forests in Australia, it seems likely that coastal changes in 
concert with major climatic disturbances, have eliminated 
the more sensitive and essentially tropical elements of this 
flora from large stretches of the coast where they once oc-
curred, as recognized by Saenger eta/. (1977). However, 
the presence of the richest contemporary fo rests on the Cape 
York Peninsula cannot be taken as unequjvocal evidence 
that this was the original centre from which the Australian 
mangrove flora radiated. To the contrary, it seems more 
likely that both New Guinea, and some disjunct pockets of 
tlhe Queensland coast, provided refuges for the once 
widespread and diverse Australian mangrove flora as it 
withdrew northwards following the onset of arid conditions 
in the Oligocene. The mangrove forests of the Cape York 
Penjnsula are best regarded as relics, but this does not 
preclude the possibility that secondary radiations occurred 
from them during pluvial phases of the Pliocene and 
PleistOcene. 
Almost certainly the Australian mangrove flora under-
went a prolonged period of isolation from early Eocene to 
Miocene times, after which it regruned contact with the 
Malesian mangrove flora through New Guinea. It seems 
probable that, in some genera, Australian species or varieties 
then migrated north, while some Malesian species came 
south. Mangrove interchanges have doubtless been taking 
place in the Australia-New Guinea-South East Asia region 
since the Miocene. Passage would have been easy and the 
restrictions imposed upon the migration of the different 
elements of the general terrestrial flora would not have 
hindered mangrove movement. The merging of these long-
separated mangrove floras may well have contributed to 
some of the taxonomk difficulties now being encountered 
in attempts to understand this regional flora. 
Experience with general tropical strand floras has shown 
that although there is a 'core' group of widely dispersed 
species, which normally comprise the bulk of the vegeta-
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tion, there are also always opportunist species, recruited 
from the local inland flora. These are not widely dispersed 
over water, and being thus restricted, may give local 
character to the beaches of an isolated island group, or even 
a continent. In my experience this state of affairs is equally 
prevalent in mangroves. There are almost always local 
species which characterize the forests, these being com-
monest in the landward fringes. Australia is especially rich 
in such associate species (Mepham 1983), possibly another 
consequence of its long floristic isolation during the Eocene-
Miocene period. 
In broader perspective, the vast s.emi-enclosed eastern 
basin of the Tethys Sea would seem to have been an ideal 
region for the promotion of mangrove evolution. Not only 
was the climate humid and warm to hot, but it almost cer-
tajnly provided innumerable tidal environments into which 
prospective mangroves could move, and great stretches of 
contiguous shoreline for dispersal. It also existed at a time 
when angiosperm evolution was burgeoning. Although 
South East Asia has traditjonally been considered as the 
cradle of angiosperm evolution (e.g. Reid & Chandler 1933; 
Takhtajan 1969) proponents of this view do not seem to con-
sider the implications of Cretaceous geography or the fossil 
record as much as the present distribution of taxa. Other 
approaches, (e.g. Axelrod 1970; Schuster 1972; Axelrod & 
Raven 1974) appear preferable because they treat the pro-
blem more comprehensively. The latter authors propose an 
origin in Gondwanaland and have suggested (Axelrod 1970) 
that angiosperms were initially confined to upland regions, 
but began to spread into the lowlands during the middle 
Cretaceous, as new equable climates developed. While the 
lowlands had previously been hot, they became significant-
ly moister following the great marine transgressions or the 
early Cretaceous, and the subsequent rifting and widening 
of the Atlantic and Indian Oceans. Once in the lowlands 
one may imagine that the angiosperms diversified rapidly 
in the new habitats, and it seems likely that different 
ancestral types would have competed with each other for 
a place in the mangroves, before an early 'core' or 
'dedicated' mangrove flora emerged. By contrast, the sug-
gestions in Chapman (1975, 1976) which seem to imply that 
the majority of all mangrove genera shared a local origin 
in South East Asia, seem far less plausible. 
Although Van Steenis (1962) remarks upon the paucity 
of mangrove fossils from Tethys Sea deposits, his claim is 
debatable, and in any case he clearly refers to the Tethys 
Sea in a limited, Mediterranean context. He does not seem 
to consider, for example, that the northern coasts of India, 
prior to their fusion with Asia, were Tethyan coasts. 
Moreover, he interprets the mangrove components of the 
London Clay Flora as 'allochthonous drift material brought 
from the Indian Ocean by the Tethys to the Atlantic', which 
appears to disregard the contemporaneous presence there 
of corals and many other tropical or sub-tropical elements. 
Further, hjs remarks about the southern shores of the Tethys 
Sea, suggest that he is unaware of the existence in North 
Africa, of Tethyan floras and faunas comparable to those 
of Europe, i.e. containing both mangrove and coral. 
Since, to date, the oldest known South East Asian fossi ls 
of several important mangrove genera are not as old as those 
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from distant sites, they could have evolved elsewhere and 
later migrated to South East Asia. The possibility must be 
admitted, even though present evidence is slender, that 
mangroves originated at disparate disjunct sites around the 
periphery of the Tethys Sea in the late Cretaceous. These 
ancestral mangrove populations would have been disrupted 
by the land surface movements and climatic changes which 
accompanied the final d issolution of Gondwanaland. Raf-
ting would have produced many discontinuities, and extinc-
tions Hould have been frequent where new climates were 
unfavourable. Where populations became isolated, as in 
Australia, independenr speciation probably would have 
begun. 
While the original east Tethyan mangrove formation must 
have expanded its range across 150 ° of longitude between 
East Africa and the central west Pacific islands during the 
Tertiary, to form the modern Indo-West Pacific formation, 
it appears that several of its components have always been 
restricted, perhaps to areas where the ancestral climatic con-
ditions persisted. These species arc now found only in parts 
of South East Asia. Although the South East Asian 
mangrove forests may once have been an integral part of 
the original Tethyan formation, they now appear relict, 
following the loss of most of the rich forests by the events 
described above. Since abundant continuous fresh soil water 
and bounteous alluvium (the ancestral conditions?) are re-
quired for the fullest noristic and structural development 
of any mangrove swamp, and since today in the Indo-
Pacific, such conditions are pronounced only in parts of 
South East Asia, it is only there that we may expect to find 
anything approaching the complete spectrum of modern 
Indo-Pacific mangrove species. 
Acknowledgement 
I thank S.J . Alexander and J .S. Mepham of the Zoology 
Department, Universi ty of Natal, both of whom read the 
manuscript and offered valuable advice. 
References 
AXELROD, D. I. 1970. Mesozoic paleogeography and early 
angiosperm history. Bot. Rev., 36: 277 - 319. 
BEARD, J.S. 1977. Teniary evolution of the Australian flora in the 
light of latitudinal movements of the continent. J. Biogeog. 4: 
Ill - 118. 
BUNT. J.S., \\'ILLIA1\IS, W.T. & DUKE, N.C. 1982. :vtangro'e 
distributions in Nonh-East Australia. J. 810geog. 9: Ill - 120. 
CHANDLER, M.c.J. 1951. Note on the occurrence of mangrove; in 
the London Clay. Proc. Ceo/. As:s. Can. 62: 271 - 272. 
CHAPMAN. V.J. 1975. Mangrove Biogeography. In: Proceedings of 
the Interna tional Symposium on Biology and Management of 
Mangroves, eds. Walsh, G.E .. Snedaker, S.C. and Teas, H.J. 
pp.3 - 22, University of Florida Press, Gainesville. 
CHAPMAN, V.J. 1976. Mangrove Vegetation, p.l9. Cramer, Vadul. 
CHURCHILL, D.M. 1973. The ecological significance of tropical 
mangroves in the early Teniary floras of southern Australia. Geol. 
Soc. Austr. Sp. Pub. ~: 79-86. 
DAVIS, J.H. 1940. The Ecology and geologic role of Mangroves in 
Florida. Pap. Tortugas Lab., 32 (Publ. Carn. lnst. No. 517), 
303-412. 
DOLIANITI, E. 1955. Frutos de Nipa no Paleoccno de Pernambuco, 
Brazil. Min. Agr. Dept. Nac. Prod. Min .• Div. Ceo/. Min. Bol. 
158: 1- 36. 
DOW. D.B. 1968. Geological reconnaissance in the Nassau Range, 
West New Guinea. Ceo/. Mijnbouw 47: 37 - 46. 
FLENLEY, J.R. 1979. The Equatorial Rain Forest: a geological 
history. p.27. Duuerwonhs, London. 
FRAKES. L.A. 1979. Climates throughout Geologic Time. Elscvter. 
Amsterdam. 
GER~IERAAD. J .H .. HOPPING, C.A. & ~IULLER, J. 1968. 
Palynology of Tertiary sediments from Tropical areas. Re••. 
Pa/ueobot .. & Palynol. 6: 189 - 348. 
GUPPY. H.B. 1906. Observations of a Naturalist in the Pacific 
betwe-en 1896 and 1899. Vol. 2. Plant Di,pcrsal. Macmi ll an. 
London. 
GUPPY. H.B. 1917. Plants. Seeds and Currents in the West lndic' 
and Azores. 1\lacmillan. London. 
HERi\IES. J.J . 1968. The Papuan gCO'>)ndine and the concept of 
ge<>S)nclines. Ceo/ . .\1ijnbouw ~7: 81 - 97. 
HOS, D. 1975. Preliminary in,·estigation of the palynolog> of the 
Upper Eocene Werillup Formation, Wc\lcrn Australia. J. Roy. 
Soc. W. A11str. 58: 1- 14. 
JONES. J.G. 197 1. Australia 's CaenoLoic Drift. Nature 230: 
237-239. 
KEIGWIN. L.D. 1980. Palaeoceanographic change in the Pacific at 
the Eocene-Oligocene boundar). ,\'awre 287: 722 - 725. 
KEMP, E.~ I. & HARRIS, W.K. 1975. The \egetation of Tertiar~ 
islands on the Ninetyeast Ridge. Vuwre 258: 303 - 307. 
KRAUSEL. R. 1939. Ergebnisse der l·orschung'>reisen Prof. E. 
Stromer's in den Wusten Aegypten;. IV. Die fossilen Floren 
Aegyptens. Abh. Bayer. Ak. Wissensch. Mathem-naturwissen Abt. 
N.F. 47: I - 140. 
LEOPOLD. E.D. 1969. Miocene pollen and spore flora of Eni\\ctot.. 
AtoU, Marshall Islands. U.S. Ceo/. Survey Prof. Pap. 260 - II: 
1133 - 1185. 
MAHABALE, T.S., & DESHPA DE. J.V. 1959. The genus 
Sonnerotia and its fossil allies. Pa/aeoboumtst 6: 51-6-1. 
McGOWRAN. B. 1973. Rifting and drift of Australia and the 
migration of mammals. Scienre 180: 759 - 761. 
McKENZIE, D.P. & SCLATER. J.G. 1971. The Evolution of the 
Indian Ocean since the late Cretaccou~. Roy. Astron. Soc. 
Ceophys. Jour. 25: 437- 528. 
i\IEPHA,\1, R.H. 1983. Mangroves. Balkema, Cape Town & 
Rouerdam. 
MULLER, J. 1964. A palynological contribution to the history of the 
mangrove vegetation of Borneo. In: Ancient Pacific Floras. ed. 
Cranwell, L. pp. 33 - 42. University of Ha11aii Press. Honolulu. 
NORTON, 1.0. & MOLNAR, P. 1977. Implications of a revised fi t 
between Austral ia and Antarctica for the evolution of the Eastern 
Indian Ocean. Not11re 267: 338 - 340. 
PRAKASH, U. 1960. A survey of the Deccan lmemappean nora of 
India. J. Palaeomol. 3-1: 1027 - 1040. 
RABINOWITZ, D. 1978. Dispersal of mangro'e propagules. 
Biotropica 10:47 - 57. 
RAVEN, P.H. & AXELROD, D.l. 1972. Plate tectonics and 
Australasian palaeobiogeography. Science 176: 1379-1386. 
RAVEN, P.H. & AXELROD, D.l. 1978. Late Cretaceous and 
Tertiary vegetation history of Africa. J n: Biogeography and 
Ecology of Southern Africa, ed. \Verger. M.J.A. Monogr. Bioi. 
31:77-130. Junk, Den Haag. 
REID. E.M. & CHANDLER, M.E.J. 1933. The London Clay Flora. 
British ~lu~eum, Natural Histof), London. 
RIDLEY. H.N. 1930. The Dispersal of Plants throughout the World. 
L. Reeve, Ashford, U.K. 
SAENGER, P .. SPECHT, M.M., SPECHT, R.L. & CHAPMAN, 
V.J. 1977. Mongol and coastal salt-mar~h communities in 
Australasia. In: Ecosystems of the World, I. Wet Coastal 
Ecosystems, ed. Chapman, V.J. pp.293 - 345. El~evier. Ne11 York. 
SAVIN, S.M. 1977. The history of the canh'~ surface temperature 
during the past 100 million years. Ann. Re••. Earth Planet S<·t. 5: 
319-355. 
SCHUSTER, R.M. 1972. Continental movements, 'Wallace·~ line' and 
lndomalayan-Aumalasian dispersal of land plants: Some eclectic 
concepts. Bot. Rev. 38: 3-86. 
SCLATER, J.G. & FISHER, R.L. 1974. Evolution of the East 
Central Indian Ocean, with emphasis on the Tectonic Setting of 
the Ninetyeast Ridge. Ceo/. Soc. A mer. Bull. 85: 683-702. 
SHACKLETON. N.J. & KENNETI. J.P. 1975. Paleotemperature 
bistOr) of the Cenozoic and the initiation of Antarctic glaciation: 
Oxygen and Carbon isotope analyses in D.S.P.D. sites 277, 279 
7 
8 
and 281. In: Initial Reports of the Deep Sea Dri lling Project, 29, 
eds. Kennett, J.P. and Houtz, J.P. pp.743 - 755. U.S. Govt. 
Printing Office, Washington. 
SMITH, A.G., HURLEY, A.M. & BRIDEN, J.C. 198 1. Phanerozoic 
palaeocontinental world maps. Cambridge. 
SPORNE, K.R. 1969. The ovule as an indicator of e'•olutionary status 
in angiosperms. New Phytol. 68: 555 - 566. 
TRALAU, F.R. 1964. 'The Genus Nypa van Wurmb.' K. Svenska 
Vetensk-Akad. Hand/. 10: 1- 29. 
S.-Afr. Tydskr. Plantk., 1983, 2( 1) 
VAN STEENIS, C.G.G.J. 1962. The distribut ion of mangrove plant 
genera and its signi fica nee for Palaeogeography. Nederl. Akad. 
von Wetensclrappen 65: 164-169. 
VEEVERS, J.J . & McELHINNY, M.W. 1976. The separation of 
Australia from other continents. Earth-Science Rev. 12: 139 - 159. 
WALKER, D. 1972. Bridge and Barrier: The Natural and Cultural 
History of Torres Strait. Australian Nat ional University Press, 
Canberra. 
WEISSEL. J .K. & HAYES, D.E. 1972. Magnetic anomalies in the 
south-east Jndian Ocean. Amoret. Res. Serv. 19: 165 - 196. 
